In order to address the Signal Setting Design at urban level two main approaches may be pursued: the coordination and the synchronisation approaches depending on the steps considered for the optimisation of decision variables (two steps vs one step). Furthermore, in terms of objective functions mono-criterion or multi-criteria may be adopted. In this paper the coordination approach is implemented considering the multicriteria optimisation at single junctions and mono-criterion optimisation at network level whereas the synchronisation is implemented considering the mono-criterion optimisation. The main purpose of the paper is the evaluation of the performances of two strategies not only considering indicators such as the total delay, the queue length etc. but also considering other indicators such as the emissions and the fuel consumption. The methodological framework is composed by three stages: i) the decision variables (green timings and offsets) computation through optimisation methods; ii) the implementation of optimal signal settings in a microscopic traffic flow simulator (Simulation of Urban MObility"-SUMO); iii) the estimation of emissions and f u e l consumption indicators.
Introduction and motivation
This paper aims to compare the results of two different Network Signal Setting Design methods not only by considering the usually adopted indicators such as the capacity factor (computed at network level), the total delay etc. but also considering other indicators such the total emissions and the fuel consumption.
The mitigation of environmental impact due to the traffic congestion is still a difficult challenge to be pursued; the considered strategies usually refer to the Intelligent Transportation Systems ( [1] , [2] ) and in particular to the enhanced ecodriving technologies [6] or on the application of transport policies (demand or supply).
As regards the supply strategies some researchers investigated the significance of the correlation between signalised junctions and emissions/fuel consumption ( [9] ) whilst others ( [12] ; [18] ; [11] ; [13] ) developed multi-criteria optimisation frameworks using these indicators as alternative criteria.
In fact even though optimisation strategies are usually based on total delay minimisation, or on the combination of total delay minimisation and capacity factor maximisation, none of these objective functions are strictly related to the emission/consumption evaluation; in particular these indicators are usually represented by the number of stops. Summing up the optimisation problem considering the trade-off between the network performances and the air pollution indicators estimation might be represented through multi-criteria method. Based on previous considerations, the paper aims to preliminarily investigate the effectiveness of two control strategies in terms of emission and fuel consumption indicators. The main contribution with respect to the current literature is on the enhanced traffic control strategies.
The research is organised in three sections as in following described in more details.
In the first section the results achieved through two optimisation strategies, coordination and synchronisation are shown and discussed; in particular, in case of coordination method the multi-criteria optimisation at a single junction (green timings are the decision variables) is adopted (capacity factor maximisation an delay minimisation, are the considered criteria) and mono-criterion optimisation is applied at network level (offsets are the decision variables), whilst in case of synchronisation method the mono-criterion optimisation (green timings and offsets are optimised together) is adopted (the total delay is the considered objective function); in terms of algorithms some meta-heuristic algorithms are adopted in both cases and in particular the Genetic Algorithms [4] (to get optimal green times at each single junction) and the Hill Climbing (to get optimal offsets) are combined for the coordination approach [7] , whereas the Simulated Annealing is adopted for mono-criterion optimisation in the synchronisation approach. In both strategies the adopted traffic flow model is based on macroscopic approach.
In the second section the considered network and the given values of input variables computed through the optimisation strategies, are implemented in a microscopic simulator (Simulation of Urban MObility"-SUMO).
Finally, in the third stage the total emissions and the fuel consumption are computed through HBEFA model ( [4] ) embedded in SUMO.
The reminder of this paper is organised as follows: section 2 provides a description of the optimisation strategies focusing on decision variables, constraints and objective functions description and on the presentation of the macroscopic traffic flow model used for total delay computation; in section 3 the emissions and fuel consumption estimations through SUMO is briefly discussed; the results of the numerical application are shown in section 4; finally conclusions and further perspectives are presented in section 5.
Optimisation strategies
In this section the basic notations, the constraints and the objective functions are described. Furthermore, the considered traffic flow model is described.
Variables and constraints
Assuming that the green scheduling is described by the stage matrix (i.e. the stage matrix composition and sequence), let c be the cycle length, assumed known or as a decision variable (common to all junctions); for each junction (not explicitly indicated) t j be the duration of stage j as a decision variable; t ar , be the so-called all red period at the end of each stage to allow the safe clearance of the junction, assumed known (and constant for simplicity's sake);  be the approach-stage incidence matrix (or stage matrix for short), with entries kj =1 if approach k receives green during stage j and 0 otherwise, assumed known; l k be the lost time for approach k, assumed known; g k =  j kj t j -t ar -l k be the effective green for approach k; r k = c -g k be the effective red for approach k; y k be the arrival flow for approach k, assumed known; s k be the saturation flow for approach k, assumed known; (s k  g k ) / (c  y k ) be the capacity factor for approach k; and for each junction in the network  i be the offset as the time shift between the start of the plan for the junction i and the start of the reference plan, say the plan of the junction number 1,
Some constraints were introduced in order to guarantee: stage durations being non-negative t j  0  j effective green being non-negative
this constraint is usually guaranteed by the non-negative stage duration, but for a too short cycle length with regard to the values of all-red period length and lost times, say
consistency among the stage durations and the cycle length
the minimum value of the effective green timing
A further constraint was included in order to guarantee that the capacity factor must be greater than 1 (or any other value)
Such a constraint may be added only after having checked that the maximum junction capacity factor for each approach k in the junction i is greater than 1, otherwise a solution may not exist whatever the objective function is. Finally let assume c  i 0.
Objective functions
At a single junction, the objective functions in the optimisation problems were:  the junction capacity factor computed as
 the total delay computed  for non-interacting approaches (isolated or external junctions) by the two terms Webster's formula ( [17] ) as
 for the interacting approaches by evaluating vehicles queuing interval by interval and considering input as the flow obtained by cyclic flow profiles. A more detailed expression consistent with the traffic flow modelling will be described in subsection 2.3.
Further objective functions could be considered such as the queue length, the number of stops etc.
Traffic Flow Model
One of the considered objective functions is the total delay, as described in more details above; to compute total delay at single junction different analytical formulations may be applied (e.g. [16] ) whereas at network level to represent total delay traffic flow modelling is required. With reference to the literature traffic flows may be described through -microscopic models, modelling both the space-time behaviour of the systems' elements (i.e. vehicles and drivers) as well as their interactions; -mesoscopic models, modelling traffic by groups of vehicles possibly small, the activities and interactions of which are described at a low detail level; -macroscopic flow models, modelling traffic at a high level of aggregation as a flow without distinguishing its parts (i.e. the traffic stream is represented in an aggregate manner using characteristics as flow-rate, density, and speed).
In this paper traffic flow is modelled through macroscopic model and in particular the Cell Transmission Model (CTM; [8] ) is implemented. Moreover, since CTM assumes the same speed for all the vehicles on a road, it cannot fully predict realistic traffic flow behaviour as the platoons keep the same density when moving from the upstream stop-line section to the downstream section, and all vehicles travel at the same free flow speed. The CTM includes the horizontal queuing at the cost of not considering the platoon dispersion then to overcame this limitation the CTM&PDM (see [3] ) allowing horizontal queues and platoon dispersion modelling was adopted.
Total Emissions and Fuel consumption estimation
Different models have been developed in the literature for emissions and fuel consumptions estimation; among them some are based on traffic conditions such as stop-and-go or free-flow driving other on the estimation of emissions/consumptions produced via engine (e.g. HBEFA, Handbook of Emission Factors; [5] ; Road Model, [15] ) or are vehicle operating models thus various driving cycle variables are required as input (e.g. PHEM; Passenger car and Heavy Emission Model, [10] ; CMEM; Comprehensive Modal Emissions Model; [14] ).
In this paper emissions and fuel consumption have been estimated through TraCI4Matlab which is an implementation of the TraCI (Traffic Control Interface) protocol; through this protocol user is able to interact with SUMO (Simulation of Urban Mobility) in a client (Matlab)-server (SUMO). In this case two optimisation steps are identified: first the green times of each junction were optimised considering the trade-off effect between two criteria (Total Delay, TD and Capacity Factor, CF); as expected, any solution was not dominant with respect to both criteria at the same time (see Table 2 ); then starting from the timings obtained by the multi-criteria single junction signal setting design the network total delay, the degree of saturation (DOS) and the link offsets between the signal plans of the interacting junctions were carried out (see Table  3 ). Table 2 . Total Delay, Capacity Factor and effective greens of each approach Table 3 . Offsets, TD and DOS Offset i-j refers to the time distance between the start of signal plan of junction j with respect to the start of signal plan of junction i.
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Strategy B:
In this case the green times at each junction (see Table 4 ) and the offsets (see Table 5 ) are simultaneously optimised considering the minimisation of network total delay (as described in section 2). The network parameters (i.e. the input flows and the link lengths) were fixed as equal to those adopted in previous implementations. Results shown in Table 5 make it clear that there is a greater efficiency in terms of level of service function by using a synchronisation strategy with respect to a coordination strategy; in fact TD Coordination = 8.48 PCU-hr/hr whereas TD Synchronisation = 6.71 PCU-hr/hr and DOS Coordination = 60% whereas DOS Synchronisation = 49%. Table 5 . Synchronisation results: offsets *Offset i-j refers to the time distance between the start of signal plan of junction j with respect to the start of signal plan of junction i.
The signal settings obtained through Strategy A and Strategy B have been then implemented in the microscopic simulator SUMO (see Figure 2 ), in order to get further indicators which were related to emissions and fuel consumption.
Results shown in Table 6 makes it clear, as expected, that the Synchronisation a p p r o a c h a l l o w s t o i m p r o v e t h e n etwork performances also in terms of air pollution indicators. As a matter of fast such results highlight relevant insights into optimal traffic signal strategy for fuel consumption and emissions minimisation. 
Conclusions and research perspectives
The main focus of the paper is on the comparison of the results performed through two different optimisation strategies for Network Signal Setting Design.
With reference two the decision variables (green timings and offsets) the considered optimisation strategies were the coordination and the synchronisation; the first one was carried out in two steps where during the first step the optimal values of the green timings at single junction were computed whereas in the second step the optimal values of the offsets were carried out; the second strategy was computed in only one step thus all decision variables were optimised at the same time.
In case of coordination multi-criteria optimisation was adopted at single junction whilst mono-criterion optimisation was adopted at network level; in case of synchronisation only mono-criterion optimisation was considered. Furthermore, in terms of algorithms, due to the nature of the optimisation problem, metaheuristics algorithms were adopted; in particular in coordination approach Genetic Algorithms and Hill Climbing where respectively considered at single junction and at network level, whereas in synchronisation approach the Simulated Annealing was adopted. Moreover, the objective functions considered in the optimisation procedure were: i) in case of coordination, the capacity factor and the total delay at a single junction and the total delay at network level; ii) in case of synchronisation the total delay.
The paper deals with the preliminary investigation of the effect of two optimisation strategies on alternative indicators in order to evaluate the significance of the introduction of other objective functions such as the emissions (to be minimised) and the fuel consumption (to be minimised).
To this aim, in order to compare the effectiveness of two strategies were considered common indicators such as the total delay and the degree of saturation, and were also introduced the emissions and the fuel consumption indicators.
The results point out the relevant effect of synchronisation with respect to the coordination thus highlighting the possibility to introduce in multi-criteria optimisation of further criteria based on emissions and fuel consumption. Furthermore it is expected that increasing the degree of complexity of the network the effect of two strategies in terms not only of performance indicators but also in terms of air pollution indicators, could be more significant and then relevant.
In future works researchers  will investigate the relevance on air pollution indicators of optimisation strategies by increasing the traffic flows;  will evaluate the effectiveness of the strategies for bigger grid network;  will develop a multi-criteria optimisation based on performance criteria and air pollution indicators.
